Abstract. Rapidity and transverse momentum distributions of heavy quarks produced by double exchange of Donnachie-Landshoff pomeron are presented and discussed. In the limit of small transverse momentum of the pair, the cross-section is almost independent of the sum of q and q rapidities, but does depend on the rapidity difference and (rather strongly) on the transverse momenta of the produced quarks.
Introduction
It was pointed out recently [1] that the process of production of a pair of heavy quarks (c? or bb) can serve as an useful test of the model of the pomeron proposed some time ago by Donnachie and Landshoff [2] . It was shown [1, 3] that the double pomeron exchange mechanism gives a measurable cross-section for production of such pairs in the central rapidity region at Fermilab and LHC energies. In the present paper we give additional information on differential cross-section for this process, hoping that this shall facilitate the measurements and also allow a more precise comparison of the model with data.
The first calculations of the production of an heavy object by the double-pomeron-exchange mechanism in the Donnachie-Landshoff model were presented in [4] and [5] where the cross-section for production of the Higgs particle was estimated. Our calculation -which is described in some detail in [1] and [3] -follows closely the method used in [5] .
In the next section the results of [ 1 ] are described and the necessary notation introduced. In Sect. 3 the formula for differential cross-section is worked out. The results are discussed in Sect. 4. * Supported in part by the KBN grants for "statuory" and "particular" research at the Institute of Physics of the Jagellonian University
Matrix dement
In the Donnachie-Landshoff model, the pomeron exchange process is approximated by exchange of two nonperturbative gluons coupled to one of the quarks or antiquarks of the colliding hadron. The amplitude for pair production in such a model is given [5, 6] by the sum of the s-channel discontinuities of the two diagrams of Fig. 1 (where also kinematic variables are indicated). It was shown in [1] that this gives for the square of the amplitude (averaged over initial and summed over final spins) the following expression:
where C is a constant (defined below), s is the total cms energy squared and p =(2rn/M) 2, rn and M being the masses of the produced quark and of the pair, respectively. Transverse masses of the heavy quarks are denoted by mr1 and mt2. e (t) is the pomeron trajectory taken in the form
with e = 0.08 and e' = 0.25 GeV -2. The phenomenological factor exp [2 B (tl + t2)] takes into account the effect of the momentum transfer dependence of the non-perturbative gluon propagator [2] (this factor was neglected in [1] and [3] . fl is a constant of the order of 1 GeV-2. The formula (1) is an approximation valid in the "double pomeron exchange limit" 
and for small momentum transfer between initial and final quarks. In the following we shall restrict ourselves to this phase-space region. The constant C is given by
where g is the perturbative quark-gluon coupling at q2 = m 2, G is the coupling of the non-perturbative gluon to a quark, p is the range of the gluon propagator and D o its magnitude at vanishing momentum transfer. From data on elastic scattering of hadrons one infers 
where the factor 81 takes into account the presence of 3 quarks in the proton and F(t) is the nucleon form-factor which shall be approximated by F(t)=exp()~t) with 2 = 2 GeV-2
This completes the summary of the results of [ 1 ].
Differential cross-section
Using (6) we obtain for the differential cross-section
where dPh is the differential phase-space factor
X 04(pl +p2-kl-k2-r 1 -r2).
(8)
Our aim is to integrate (7) over all variables except rapidities and transverse momenta of the heavy quarks. This task is facilitated by the observation that the dependence of I M~I z on transverse momenta/)1 and v 2 of the final hadrons is given by the gaussian factor
where Lx,2=2(fl +2 --a' log &1,2).
Consequently, the integral over transverse momenta gives
where u 1 and u 2 are the transverse momenta of the produced heavy quarks. As expected, the cut-off (9) on the transverse momenta of final protons implies a cut-off on the total transverse momentum of the produced pair.
Integration over longitudinal momenta of the final protons can be performed using the 0-functions expressing conservation of energy and longitudinal momentum. The result is
if
mtl exp ( -Yl ) + mt~ exp ( -Y2) = &2 l/s-, and zero otherwise.
As the next step, we observe that 2d2r6(r2-rn 2) 
where Cu= 81 C(2n)-8/16, u+ =u I +u2, ~g is the function defined in (11), and u=(u 1 --U2)/2. Furthermore, from (13) we find 4rn2p-l=sO1 02
The formula (15) is valid in the region of small u+, 61 and 02 . Using (13) this region can be translated into an allowed region of transverse momenta and rapidities of the produced quarks. This completes the calculation of the differential crosssection.
Discussion of the results
The formula (15) for the differential cross-section is only reliable for u + ~ 0. Furthermore, the function ~, (u +) gives a gaussian cut-off which limits u + to the region smaller than 0.5 GeV, even for moderate 6 a and &2 and is much more effective for very small 6's. We shall therefore restrict ourselves to the discussion of (15) under the con-
